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ABSTRACT 
 
LEDs, of late, have received attention as the next generation lighting system for enhanced luminous 
efficiency and higher lifespan. However, the thermal management of the LEDs is the crucial 
parameter to be countered for global acceptance as a revolutionary illumination source. This paper 
reports the experimental investigation of natural convective heat transfer of high power LED COBs 
using MWCNT and MWCNT-CuO nanofluids mixed with de-ionized water. The study uses 
MWCNT based nanofluids as a route to enhance the heat transfer of high power LEDs by the 
passive cooling technique. This study presents an innovative cooling device integrated with 
numerous fluid pockets, called the HSFP, to achieve the enhanced thermal performance of heat 
sinks for applications in high intensity LED lights. Nanofluids of various concentrations were 
formulated and their heat transfer performance evaluated using a series of experiments and 
compared with liquid cooling and a conventional heat sink. The experimental finding reveals 20–
30% lowered thermal resistance using the new HSFP (nanofluids).  Thus, the HSFP found to 
effectively dissipates the heat in high-power LED COBs using nanofluids as the cooling medium 
compared to the conventional heat sink. 
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INTRODUCTION 
 
Being ten (10) times more efficient than incandescent lights, LEDs are increasingly penetrating in 
domestic applications. Their increased reliability, coupled with long operating life, renders them as 
an obvious choice for next-generation lighting systems. However, most of the power supplied to 
them converts to heat. The increased input power further cause’s degradation of luminance 
efficiency and lifespan since higher heat is generated. Therefore, it is essential to have a proper heat 
dissipation module to ensure proper operation. Hence, thermal management of LEDs is the crucial 
parameter to enhance their lifespan and luminance effect. Active or preferably passive cooling with 
air can be the predominant choice for LED lighting systems. A proposed design must have a meager 
thermal resistance between the junction and the heat sink base which relies on conduction heat 
transfer [1]. Tisha Dixit, et al. [2] studied the miniaturization of the heat sink and found that 
characteristics such as compactness, small size and lesser weight attracted widespread attention. 
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Yiwei Wang, et al. [3] studied a new flat plate heat pipe with a micro-fins cast on the condensation 
surface. It was found to be more effective for heat dissipation of high-power LED COBs than the 
traditional new flat plate heat pipe. Z. Lin et al. [4] developed a plate oscillating heat pipe heat sink 
for LED cooling. They found that when a plate OHP was used in an LED heat sink, it led to a 
significant decrease in the temperature of the LED through a natural convection process. Whereas, 
the thermophysical properties and heat transfer performance have been carried out by Patrice Estell 
et al. [5]. Hamed Khajeh Arzani, et al. [6, 7] studied MWCNT-ASP (aspartic acid) with water for 
different weight fractions experimentally.  
Their results showed a significant increase in heat transfer rate. M. Hemmat Esfe et al. [8] 
studied the thermo-physical properties of nanofluids and concluded that thermal conductivity 
increases with an increase in temperature. Meanwhile, W.S. Sarsam et al. [9] revealed that aqueous 
colloidal dispersions of β-alanine-MWCNTs are promising alternative working fluids for enhanced 
thermal performance. B. Munkhbayar et al. [10] performed an investigation on the enhancement of 
thermal conductivity of silver nanoparticle with multi-walled carbon nanotubes. They reported that 
grinding has significantly improved the dispersion stability and thermal conductivity of MWCNT. S 
Jyothirmayee Aravind et al. [11] reported that no surfactant, good fluidity, long-term stability, and 
high thermal conductivity would enable f-MWCNT nanofluids to be used as advanced coolants in 
thermal management applications. Sh. M. Vanaki et al. [12] observed that nanofluids have the 
ability to significantly enhance heat transfer rate of conventional heat transfer fluids as a result of 
the dispersed highly conductive nanoparticles in the base liquid. Mohammadali Baghbanzadeh et al. 
[13] studied the effect of hybrid silica nanosphere/MWCNT on the thermal conductivity of distilled 
water.  
Their results showed that the effective thermal conductivity of nanofluid was obtained by 
increasing the concentration of nanoparticles. K. Kouloulias et al. [14] performed an experimental 
study on natural convection of Al2O3–H2O. They found that the convective heat transfer is 
enhanced when the applied heat flux increases and the induced flow becomes more turbulent. 
Zeinali Heriset al. [15] studied Al2O3/water nanofluid heat transfer in laminar flow. Experimental 
investigations depict that heat transfer coefficient increases by increasing the volume fraction of 
nanoparticles in the nanofluid. Literature shows enhancement in the thermal conductivity, viscosity, 
and heat transfer through the use of nanofluids which increases with increasing volume of 
nanoparticles [16,17]. Y. Ding et al. [18] observed that enhanced convective heat transfer was 
obtained in comparison with pure water. It was also reported that the enhancement depends on the 
flow condition, concentration and the pH level. In another study of Cu-Ti [19] with Vol.% of 
MWCNTs, it was reported that linear and small coefficient of thermal expansion was obtained for 
low concentrations of multiwall carbon nanotubes. In an experimental investigation by Majid 
Zarringhalam et al. [20] who studied the effect of volume fraction on heat transfer coefficient. They 
reported that heat transfer coefficient of nanofluids was higher than that of base fluid. It was also 
observed that the heat transfer coefficient and Nusselt number of nanofluids increases with 
increasing nanoparticles volume fraction.  
The experimental study by Saeednia et al. [21] on CuO nanofluid for different 
concentrations, flowing inside a circular tube, showed that heat transfer coefficient increases with 
increasing nanoparticle concentration. Ali Hassan et al. [22] observed that enhancement of 
convective heat transfer coefficient of ethylene glycol (EG) base cuprous oxide (Cu2O) nanofluids 
was higher than for the base fluid. Hooman Yarmand et al. [23] prepared a hybrid nanofluid mixture 
of graphene nanoplatelet (GNP) and Platinum (Pt) nanofluids. Experimental results revealed that 
nanofluids have a higher heat transfer capability compared with the base liquid, and the improved 
heat transfer coefficient is dependent on Reynold number, and the weight concentration of the 
nanocomposite. Hong Seok Jo et al. [24] fabricated an innovative fractal-like Cu2O surface on a 
NiCr wire to identify the effects of wettability on pool boiling performance. Their results revealed 
that hydrophobic texturing is desirable for electronics cooling. R. Ellahi et al. [25] studied the 
nanolayer effects on SWCNTs and MWCNTs with natural convection. They observed that the 
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velocity decreased by increasing the volume fraction of nanotubes. S. Zeinali Heriset al. [26] has 
studied Al2O3/water nanofluid heat transfer in laminar flow. Their investigations depicted that heat 
transfer coefficient increased with an increase in the volume fraction of nanoparticles in nanofluid. 
I.D. Garbadeen et al. [27] performed experimental investigations on nanofluids consisting of multi-
walled carbon nanotubes with water as the base fluid. Their results indicated that natural convection 
yielded a maximum enhancement in heat transfer performance of 45% at a volume concentration of 
0.1%.  
This research supports the idea that nanofluids with effective thermal conductivity are 
higher than the thermal conductivity of the base fluid.  Hina Muryam et al. [28] compared gold and 
silver nanoparticles with de-ionized water by studying their characteristics of convective heat 
transfer. They concluded that gold/DIW based nanofluids exhibit better convective heat transfer 
than silver/DIW based nanofluids. Till date, a number of experiments work has been carried out on 
forced convection. As noted from the literature, most of these studies involve flow rate, volume 
fraction and thermal conductivity rather than the heat transfer characteristics of nanofluids. A large 
number of studies have also been undertaken in improving the thermal conductivity of the 
nanofluids. Therefore, an attempt is made in the present study to fill this space with a focus on 
natural convection. Heat dissipation capabilities of nanofluids have been carried out and verified by 
natural convective heat transfer experiments for both steady state and transient conditions. An 
experimental setup was designed and fabricated for this purpose and applied to cool high-power 
LEDs. The junction temperature of the LEDs was measured to investigate enhanced heat transfer. 
The thermal resistance was analyzed to understand the cooling potential of nanofluids and liquid 
cooling better. 
 
 
METHODS AND MATERIALS 
 
Materials 
In this work, a heat sink with fluid pockets (HSFP) was developed with parallel rectangular fins and 
multiple holes at the base. The novel HSFP was designed, fabricated and applied to cool high-
power LED COBs. The holes were filled with nanofluids for effective heat dissipation from the 
LED junction. The main objective of the study was to investigate the influence of nanoparticles 
suspended in the base fluid on the heat transfer characteristic of nanofluids. MWCNT and 
MWCNT-Copper oxide (CuO-MWCNT) nanofluids with de-ionized water of various 
concentrations were used in the test. Due to their unique thermal properties, carbon nanotubes 
(MWCNTs) and MWCNT-CuO have been used as additives to increase thermal conductivity and 
other thermal properties of the nanofluids. The fluid pockets were filled with nanofluids along with 
the base fluid in wt% basis for different volume fraction. Measurement of heat transfer performance 
of MWCNT/DI water and MWCNT-CuO/DI watered nanofluids with nanoparticle concentration in 
the range of 0.2 to 0.8 wt% was tested and compared with liquid cooling and the conventional heat 
sink. Tests were done using stable nanofluids under natural convection condition for both steady 
state and transient conditions. The composite nanofluid has an equal volume of carbon nanotubes 
and copper in the base fluid. The nanofluids circulate within the fluid pockets by thermal energy 
and gravity force. Typical dimensions of the heat sink are shown in Figure 1. The aluminum heat 
sink was designed to suit actual street light applications. The heat sink was designed for a length of 
200mm, the width of 120mm, the base of 10mm height, and a fin height of 10mm with a hole of 
diameter 6mm drilled across the length to fill liquid with nanoparticles into it. The fins were 
maintained for half the length in order to achieve condensation of heat transfer fluids [29,30]. 
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Figure 1. Heat Sink with fluid pockets and half-length fins 
 
The LED setup chosen in this study has 3sets of COB LEDs of each having 40W (CREE Make- X 
lamp XP-G) with the wattage of 120 W. A thermal interface material was used to establish proper 
surface contact to avoid air gap. The data acquisition system (TRACER make) has a resolution of 
10-5 o C to measure the junction temperature of the LED. The sampling rate was 1/s. The 
thermocouple positions were diagnosed with the use of an infrared thermal image camera. 
Recognized hotspots over the MCPCB were placed with T type thermocouples to measure the 
junction temperature. Five trials were conducted for each test condition for repeatability of the 
measurements and to avoid uncertainties in the course of experimentation. Validation of the setup 
was done with the conventional heat sink of same configurations excluding fluid pockets. The test 
duration was 100 min. Steady state was attained around 60 minutes of the experiment. The constant 
power input was 120 W. Two different nanofluids such as MWCNT and CuO-MWCNT were used 
with different solid volume fractions of suspended nanoparticles. The test results were compared 
with liquid cooling and conventional heat sink. Figure 2 shows the experimental setup used in this 
study. 
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Figure 2. Experimental Setup of the present study 
 
Preparation and Characterization of Nanofluids 
MWCNTs were acquired from Reinste Nano Endeavors Private Ltd. Also concentrated H2SO4, 
concentrated HNO3 and Cu, and Na2SO3 were gotten from Merck. The crude MWCNTs and copper 
oxide were sonicated for 4 hours at 80oC of an ultrasonic shower with a (v/v, 3:1) blend of 
concentrated H2SO4 and HNO3 to present oxygen containing useful gatherings on the crude 
MWCNT surface and it was sifted and washed over till the washing demonstrated no acridity.  
The clean MWCNTs were dried in the stove at 80oC for 24 hours and the process was repeated for 
copper oxide. The MWCNT and CuO/MWCNT catalysts were described utilizing a wide range of 
systematic analytical techniques, including X ‐ ray diffraction (XRD), scanning electron 
microscopy with energy dispersive X-ray spectroscopy (SEM-EDS).  
These investigations were led to build up a better understanding of the physico‐ chemical 
properties of these catalysts. In order to investigate the morphology and the chemical composition 
of the materials, SEM-EDS analysis was also carried out to evaluate the elemental composition of 
nanofluids. The morphology of MWCNT and CuO-MWCNT samples was analyzed using SU 
3500N emission scanning electron microscopy (SEM) operating at 10 kV. Figures 3a and 3b show 
the SEM images of MWCNT and CuO-MWCNT respectively. From the SEM image of MWCNTs 
(Figure 3a), a tubular network is observed.  
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(a) 
 
 
(b) 
 
Figure 3. SEM image of (a) MWCNT and (b) CuO-MWCNT 
 
In case of CuO-MWCNTs, the formed CuO flakes appear to have agglomerated to form of flower-
like morphology within the MWCNTs network. EDS spectra indicate the presence of Cu, C and O 
in the case of CuO-MWCNTs and only C and O in the case of MWCNTs as shown in Figure 4a and 
4b. 
 
 
 
(a) 
 
(b) 
 
Figure 4. EDS spectra of (a) MWCNT and (b) CuO-MWCNT 
 
Figures 5a and 5b show the P-XRD patterns of MWCNT and CuO-MWCNT respectively. Bruker 
D2 Phaser XRD system was used to get X-ray diffraction (XRD) patterns. The P-XRD patterns of 
MWCNT exhibit two sharp peaks at 2ϴ values 26o and 42o corresponding to (002) and (100) hkl 
planes respectively [30]. While the P-XRD patterns of CuO-MWCNT exhibit peaks at 2θ = 32.51°, 
35.53°, 38.5°, 46.28°, 48.76°, 53.58°, 58.31°, 61.58°, 66.24° and 68.08 ° corresponding to different 
hkl planes of monoclinic phase of CuO [31, 32]. It is noticed that the intensity of the peak at 26o 
corresponding to (002) plane of MWCNT is less in CuO-MWCNT compared to other peaks. These 
might be due to the low MWCNT content. 
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(a) (b) 
Figure 5. XRD spectra of (a) MWCNT and (b) CuO-MWCNT 
 
 
RESULTS AND DISCUSSION 
 
Effect of Liquid Cooling for Enhanced Heat Transfer    
The experiment was done using de-ionized water as the cooling fluid for 100% fill ratio to 
investigate the thermal enhancement of LED with liquid as the cooling medium. Results were 
compared with the conventional heat sink to determine the influence of liquid cooling for enhanced 
heat transfer. The junction temperature of the LED with heat sink, in the presence of liquid exhibits, 
was in agreement as presented in Figure 6. It evidently depicts that minimized junction temperature 
is obtained with the use of liquid cooling in the heat sink compared to the conventional heat sink. 
Fluid pockets in the heat sink efficiently strengthen the convective heat transfer. It demonstrates 
that conventional cooling technique reduces the junction temperature but requires time to dissipate 
it to the atmosphere. The junction temperature of the LED increased rapidly without cooling fluids 
and attained 210 oC [33, 34].  
 
Figure 6. Variation of operating temperature for De-ionized water and conventional heat sink 
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Influence of Nanoparticle Volume Fraction on Heat Transfer    
In this section, thermal characterization of nanofluid in terms of reduction in junction temperature 
of LED is examined experimentally. The effect of volume fraction on heat transfer characterization 
of MWCNT/De-ionized water and CuO-MWCNT/De-ionized water nanofluids was studied in 
terms of reduced LED junction temperature. Various suspensions of MWCNT and CuO-MWCNT 
were tested at a volume fraction of 0.2, 0.4, 0.6 and 0.8 wt%. The variation of the junction 
temperature of LED versus time for different volume fractions of MWCNT and CuO are depicted in 
Figure 7 and 8. It is evident that the heat dissipation enhances with an increase in volume fraction 
due to its high thermal conductivity. The thermal conductivity of nanofluids is higher than that of 
base fluid and there may exist an optimum concentration that maximizes the heat transfer. These 
corroborate the finding of various authors that thermal conductivity increases with increase in the 
concentration of nanoparticles. The enhancement of thermal dissipation at a low volume fraction of 
nanofluid is relatively small. However, with increasing volume fraction of nanoparticles, the 
enhancement of thermal dissipation due to its ability to extract heat from the junction temperature is 
significant [35-38]. Also, it can be seen that the reduced junction temperature is an increasing 
function of volume fraction. However, there is a negligible difference between 0.6 and 0.8 wt% of 
total volume which may be because of increase in particles tending to clog up fluid pocket channels.  
 
Figure 7. Junction temperature of LED of MWCNT for different volume fraction 
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Figure 8. Junction temperature of LED of CuO-MWCNT for different volume fraction 
 
Effect of Nanofluids on Natural Convection    
Natural convection is a passive cooling technique and therefore can be used in many heat transfer 
applications to improve heat transfer rate without any additional power. Nanofluids evolved over 
the years due to the limitation of the conventional heat transfer fluids to facilitate higher cooling 
rates. The use of nanofluids through natural convection mode further enhances the performance and 
compactness of heat transfer devices. In this study, the HSFP was designed and operated in such a 
way that the circulation of nanofluids may happen naturally due to rise in junction temperature of 
LED and return on its own due to the gravity effect. This mechanism tends to achieve a better 
circulation of fluid within the circular tubes of HSFP. This continued circulation of fluid in the 
HSFP improved the heat dissipation quickly as compared to the conventional heat sink. The added 
MWCNT nanofluid with water further enhanced the dissipation due to increase in thermal 
conductivity; the use of higher thermal conductivity material reduced the thermal resistance 
significantly. Overall results show that the existing model HSFP for heat dissipation of LED COB 
is valid for both single and composite nanofluids. It is evident from Figure 9 that there is an 
enhanced heat transfer rate when composite nanofluids are used due to added nanoparticles of 
copper. Copper in the MWCNT increases the thermal conductivity of the nanofluid which results in 
improved heat transfer. The results depict that both single and composite nanofluids are in good 
agreement. The composite nanofluid exhibited pronounced heat transfer followed by MWCNT 
nanofluid and liquid cooling using distilled water. The junction temperature increased rapidly and 
prolonged over a period when the conventional heat sink is used. Passive cooling with distilled 
water was found to be comparatively good. Liquid cooling is an effective tool where heat 
dissipation is necessary. Thus, the HSFP proves to be an alternative low-cost device that can be 
effectively used for cooling of LEDs.   
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Figure 9. Effect of nanofluids on junction temperature of LED 
 
Thermal Resistance of the Nanofluids  
Thermal resistance analysis was performed to evaluate the efficacy of these nanofluids used as heat 
transfer fluids. The heat transfer characteristics of the heat sink for various nanofluids were 
evaluated by the thermal resistance. The overall thermal resistance of LED COB as the ratio of the 
difference in junction temperature and ambient to the maximum heat load applied to the LED COB 
was considered as shown in Eq. 1.  
It is evident from Figure 10 that thermal resistance increases with increase in junction temperature; 
it is worthy to note that it reduces with increase in volume fraction of nanoparticles. From the 
literature, it is observed that the increased nanoparticles volume fraction increases the thermal 
conductivity of the coolant. Therefore, increase in the thermal conductivity increases the convective 
heat transfer coefficient which, in turn, reduces the convective thermal resistance and, therefore, the 
overall thermal resistance of the CuO-MWCNT was found to be higher than the MWCNT 
nanofluid. 
 
 
 (1)                                
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Figure 10. Thermal resistance for varying fill ratio for MWCNT and CuO-MWCNT nanofluids 
 
 
CONCLUSIONS 
 
In this work, natural convective heat transfer characterization for MWCNT based nanofluids 
flowing in fluid pockets within the base of the heat sink was studied. Heat transfer performance 
studies on natural convection using MWCNT based nanofluids for different concentrations in the 
range of 0.2 to 0.8 wt% of the total volume were performed and validated using liquid cooling and a 
conventional heat sink. The heat transfer effectiveness of the nanofluids was measured in terms of 
the reduced junction temperature of the LEDs and thermal resistance of the nanofluids. 
Experimental results demonstrated that the thermal resistance of the LED COB cooling system is 
reduced by 15% when using the novel HSFP model with de-ionized water as the heat transfer fluid. 
The effect of varying nanofluid concentrations with the base fluid enhanced heat transfer in the 
range of 29%. The combined effect of MWCNT and CuO-MWCNT further reduced the thermal 
resistance by 41%. Finding also discloses that between 0.6 and 0.8 wt%, there was no significant 
change in the result. However, a decline in heat transfer performance was seen especially for 
conventional heat sinks.  
A maximum heat transfer enhancement of 35% occurred for 0.6-0.8 wt% volume concentration and 
there was a negligible difference for further increase in concentration which may be due to clogging 
up and restricted motion of the fluid. The results of this study are believed to be attributed by the 
use of MWCNT based nanofluids with buoyancy-driven heat transfer mechanism as a useful 
technique for enhancing the performance of high power LED particularly street light applications 
without the aid of external power. From the converged experimental results, it is worthy to note that 
the feature of HSFP providing longitudinal fluid pockets filled with MWCNT based nanofluids as 
the cooling agent is significantly useful for the high-power LED package as against the 
conventional heat sink. Thus, it can be concluded that the use of nanofluids in natural convection 
mode demonstrated a significant enhancement in their heat transfer performance when used for high 
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power LED since they maintained very low junction temperature. However, the volume fraction 
range of nanoparticles would require more in-depth experimental studies. Therefore, experimental 
studies are very crucial for understanding the thermophysical behavior of nanofluids. 
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